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Small firms may rely on a variety of network partners, and in various roles, to identify and 
exploit  opportunities  for  innovation.  This  paper  adds  to  the  literature  on  innovation 
networking by developing a typology at the level of innovation objects, rather than at the firm 
or industry level. Drawing on data of 594 innovations in Dutch small firms, we find a broad 
pattern of six types of innovation networking marked by differences in volume, partner types, 
partner roles and tie characteristics. The patterns are labeled as supplier-based, customer-
based,  informal-based,  new  combinations,  knowledge-based  and  system-based  innovation. 
The  supplier-based  pattern  is  most  dominant  and  characterized  by  modest  and  simple 
contributions  from  network  partners,  while  system-based  innovation  involves  the  most 
complex and voluminous kind of networking. We also find significant correlations between 
innovation networking and firms' internal capabilities, suggesting that complex networking is 
more demanding in terms of firm-environment fit. Additionally, networking is associated 
with the newness and competence requirements of innovations. Implications are discussed. 
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Patterns of innovation networking in Dutch small firms 
 
1. Introduction 
External networking has repeatedly been recognized as enabling innovation in small firms 
(e.g.  Rothwell,  1991;  Fukugawa,  2006).  Past  studies  identifying  relative  strengths  and 
weaknesses  conclude  that  innovation  in  small  firms  is  hampered  by  lack  of  financial 
resources, scant opportunities to recruit specialized workers, and small innovation portfolios, 
implying limited opportunities to manage the risks of innovation. They therefore need to be 
parsimonious with their investments and engage in networking to find missing innovation 
resources.  The  process  of  innovation  typically  transcends  the  boundaries  of  small  firms 
(Nooteboom, 1994; Acs & Audretsch, 1990). 
  In order to clarify how innovations are developed and how external sources influence the 
process  of  innovation,  researchers  have  proposed  and  empirically  explored  patterns  of 
innovation in businesses. This research was initiated by Keith Pavitt (1984) who concluded 
that UK manufacturing industries can be classified in four homogenous groups, including 
supplier-dominated, specialized supplier, scale-intensive and science-based industries. Ever 
since his typology has been updated and extended to include new industries and indicators as 
a basis for classification (e.g. Castellaccia, 2008; Evangelista, 2000; Miozzo & Soete, 2001). 
Another  extension  is  that  the  industry  level  of  observation  has  been  questioned.  As 
innovation  in  firms  can  be  heterogeneous  within  a  certain  sector  due  to  differences  in 
performance,  technologies  and  strategies,  it  has  been  proposed  that  the  level  of  analysis 
should be at the level of the firm. In support, recent studies have demonstrated a considerable 
heterogeneity  in  patterns  of  innovation  of  firms  within  industries  (e.g.  Arvanitis  & 
Hollenstein, 1998; De Jong & Marsili, 2006).  
  However important questions still remain, despite all the work carried out on innovation 
networking and patterns of innovation. Firstly, although many contributors to small firms' 
innovation processes have been identified, and their various potential roles, we do not know 
what  are  the  prevalent  types  of  partners  and  partner  contributions  or  what  patterns  of 
networking small firms engage in and for what purposes.  Innovation networking may be 
enduring and intensive to a greater or lesser extent; it may involve a greater or lesser extent of 
resource  sharing  or  commitment;  and  it  may  be  driven  by  a  greater  or  lesser  extent  of 
intention, direction and specificity. Past research has mainly regarded networking in terms of 
'more is better' (e.g.  Freel, 2003; Bougrain  & Haudeville, 2002) and is somewhat biased 
towards  start-ups  breaking  away  from  existing  practices  and  introducing  radically  new 
products and services (e.g. Ruef, 2002; Elfring & Hulsink, 2003). Secondly, typologies of 
innovation  have  so  far  been  explored  at  the  level  of  industries  and  firms  only.  We  here 
propose that this level of analysis may still be too rough. Within a firm, specific innovations 
are more likely to require different patterns of  innovation networking and, to achieve an 
adequate  view  of  how  networking  is  associated  with  innovation,  the  level  of  specific 
innovations (as objects) may provide new insights.  
  Thus, this study identifies patterns of innovation networking in small firms, i.e. how small 
firms draw on networking to initiate and exploit opportunities for innovation. We follow an 
inductive, empirical approach in which we analyze detailed survey data of 594 innovations in 
small firms in the Netherlands. This analysis reveals what types of partners contribute to the 
innovation process, in what roles, and further characterizes the kind of ties involved. Six 
patterns  of  networking  are  found,  each  of  which  is  correlated  with  external  variables, 
including the internal capabilities of the firms and the complexity and newness of exploited 
innovation opportunities. This follow-up analysis provides further details on how innovation 
networks correspond with specific innovations, firms and contexts.    6 
  The paper is structured as follows. The next section discusses some key concepts from 
innovation and networking theory that lay the ground for our inductive exploration. Section 3 
presents  our  data  and  indicators.  In  section  4  we  empirically  explore  the  patterns  of 
innovation networking in small firms and section 5 ends with our conclusions, implications 
and suggestions for future research. 
 
2. Innovation networking 
In today's increasingly complex and knowledge-intensive world with shortened product life 
cycles, external networking has become probably even more important than before. Scholars 
have stressed the importance of innovating networking for decades, especially for small firms 
(e.g. Rothwell, 1983; 1991), but the managerial paradigm of Open Innovation has recently 
accelerated the pace at which firms consider networking to be important (e.g. Chesbrough, 
2003; Lichtenthaler, 2008).  
  Social network literature suggests when and how innovating actors may benefit from their 
social capital in order to discover and exploit opportunities for innovation. It is suggested that 
firms  may  use  individual  nodes  in  their  networks  -  network  actors  such  as  suppliers, 
customers, friends, relatives, etc - for various reasons. In the case of specific innovations 
networking may be characterized in terms of (i) volume, (ii) partner types, (iii) partner roles, 
(iv) tie strength, (v) directedness of ties and (vi) structural holes between involved partners. 
These characteristics represent some of the main dimensions of social networking (Scott, 
1991; Granovetter, 1973) that lay the ground for our exploration, and are discussed hereafter.  
  Innovation  networking  can  firstly  be  characterized  by  its  volume,  i.e.  the  number  of 
external parties that become involved in the innovation process. Past work demonstrated that 
networking  is  beneficial  for  innovation  (e.g.  Oerlemans  et  al.  1998;  Tether,  2002;  Freel, 
2003),  and  such  studies  typically  include  the  volume  of  networks  by  connecting 
(dichotomous) indicators of the involvement of network partners with innovation measures 
such as new product introductions. We anticipate that the volume of networks will vary – 
some types of innovations will probably be marked by many other parties being involved and 
other innovations by involving only few.  
  Secondly, innovation studies have identified various types of actors that may be involved. 
These can be informal contacts (friends and relatives), direct business contacts (customers, 
competitors,  suppliers)  or  relatively  remote  actors  such  as  advisors,  universities  and 
government organizations that do not necessarily engage in small firms' daily business. As 
for informal contacts, the literature on innovative start-ups in particular identifies such actors 
as being important. Informal contacts may, for example, be important sources of manpower 
or finance (Shane, 2003; Ruef, 2002). Although past typologies of innovation did not include 
informal contacts, we feel that in the case of small firms, they should not be ignored. As for 
direct business contacts, the early Pavitt (1984) classification already identified suppliers and 
customers as main sources of innovation, and follow-up classifications also contained these 
partner types (e.g. De Jong & Marsili, 2006; Evangelista, 2000). In the innovation literature, 
customers have been shown to be a 'custom source' of innovation, especially in small firms 
(Rothwell, 1991). In this vein, users are increasingly regarded not only as merely potential 
sources of inspiration, but also as parties that may also develop their own innovations which 
producers can imitate (von Hippel, 2005). As for suppliers, Rothwell (1991) identified these 
as a very common source of 'industrial inputs', including many useful technical inputs like 
machines,  equipment  or  manpower.  Moreover,  we  included  competitors  in  our  empirical 
exploration.  Small  firms  may  collaborate  with  such  partners  for  a  variety  of  reasons, 
including the desire to manage the risks of innovation, perceived usefulness when firms serve 
clearly separated markets, or to team up against another, larger competitor (Gomes-Casseres, 
1997).    7 
  Past typologies of innovation are also consistent in distinguishing universities and other 
public research organizations as potential sources of innovation. Pavitt (1984) regarded some 
industries  to  be  'science-based',  indicating  that  scientific  knowledge  is  among  the  main 
sources of opportunity identification and exploitation. This source is also frequently found in 
updated versions of the typology (e.g. Evangelista, 2000; Castellaccia, 2008). In this context, 
a  vast  and  still  growing  literature  stresses  the  importance  of  university  linkages  for 
innovation, also in small firms (e.g. Elfring & Hulsink, 2003).  
  Other  relevant  network  partners  include  advisors  such  as  consultants  and  engineers, 
financial  institutes,  intermediaries  such  as  industry  associations,  and  government 
organizations that may act as a source of innovation subsidies or permits. Although these 
actors were so far not included in typologies of innovation, we argue that they may well be 
relevant for small firms. The systems of innovation literature for example identified advisors, 
financiers, intermediaries and governments as influential actors (e.g. Nelson, 1993; Freeman, 
1995).  
  A  third  aspect  relates  to  the  motives  of  small  firms  to  engage  in  networking.  In  the 
context of innovative entrepreneurship, network partners have been found to perform various 
roles, including mobilizing missing capital such as knowledge, finance and capital goods 
(Burt, 1992; Elfring & Hulsink, 2003). Network partners may also be sources of inspiration, 
that is, enable opportunity identification, rather than capital deliveries for exploitation. This 
becomes most evident from Granovetter's (1973) classical essay, which identified network 
partners  as  a  source  of  job  opportunities.  Thus,  network  partners  can  play  various  roles, 
including being a source of inspiration, providing advice or feedback, contributing to the 
implementation phase, supplying knowledge or financial or physical means. 
  Fourthly, networks can be described in terms of relational embeddedness, i.e. the dyadic 
relationships or ties between the firm and each of its partners (Scott, 1991). Although social 
networks  have  many  dimensions,  the  strength  of  ties  is  at  the  core  of  the  debate  about 
network benefits (Uzzi, 1997; Lechner et al. 2006). Strong ties are characterized by frequent 
contacts, are usually long-term, reciprocal and involve a strong degree of trust and emotional 
closeness. In contrast, weak ties are transient and normally involve little emotional intensity 
(Granovetter, 1973; Scott, 1991). Conventional thought suggests that innovators need wide-
ranging, weak ties across distant worlds to be inspired to innovate and strong ties to mobilize 
support for their emerging innovations. Indeed, this is what most empirical studies suggest 
for  both  weak  ties  (e.g.  Ahuja,  2000;  Ruef,  2002)  and  strong  ties  (e.g.  Brüderl  & 
Preisendörfer, 1998; Ahuja, 2000).  
  A fifth aspect of innovation networking is the directedness of ties. A directed tie is here 
defined as a network partner that is searched for and included in a network primarily for the 
sake of the innovation (cf. Ruef, 2002). We reasoned that in order to innovate, small firms 
may  need  to  pro-actively  extend  their  networks.  Examples  could  include  the  delivery  of 
machines by specialized suppliers, collaborating with representatives from public research 
organizations to access scientific knowledge and consulting engineers to contribute to the 
development of new products. The connection between directed ties and innovation is still 
barely covered in research. Using a sample of business start-ups, Ruef (2002) found that start-
ups composed exclusively of family, friends, or work colleagues (strong ties) were found to 
be slightly less innovative than those consisting of acquaintances or a mix of family, friends, 
and colleagues (weak ties), who in turn were slightly less innovative than teams involving no 
prior relationships (directed ties). We here argue that, as innovation in small firms is marked 
by proactive behavior to obtain missing innovation resources, directed ties should be included 
when exploring patterns of innovation networking.  
  Finally,  past  work  suggests  that  developing  innovative  solutions  requires  diverse 
networks rich in structural holes. These refer to the position of a firm in its network structure.   8 
A  structural  hole  is  a  relationship  of  non-redundancy  between  two  contacts  (redundant: 
leading to the same parties and so providing similar resource benefits). It implies that the firm 
is  connected  to  unconnected  others  (Burt,  1992).  Structural  holes  provide  information 
advantages  to  those  who  can  build  across  cohesive  groups.  Previous  research  commonly 
suggested  that  structural  holes  induce  better  opportunities  to  initiate  and  implement 
innovations. Alternatively, firms that are badly positioned in their network face a 'liability of 
unconnectedness', which inhibits access to valuable knowledge and strategic partners (Powell 
et al. 1996). In research among product design firms, Hargadon and Sutton (1997) concluded 
that a central position in a network enables firms to bridge gaps in the flow of information 
between  various  actors.  Likewise,  McEvily  and  Zaheer  (1999)  related  structural  hole 
measures to various innovative practices and found that structural holes in the advice network 
of manufacturers had a positive effect on the acquisition and adoption of innovative practices. 
In conclusion, patterns of innovation networking can also be characterized by the extent to 
which small firms manage to connect previously unconnected others. 
 
2.1 Firm and innovation characteristics 
Since innovation networking is not an isolated phenomenon, we anticipate that patterns of 
networking are contingent on firms' internal capabilities and the nature of their innovation 
opportunities. Thus, we now describe a number of firm and innovation characteristics which 
we anticipate will correlate with networking. These variables are used to validate and further 
probe the networking types presented in the sections that follow.  
  Firstly, innovation networking may depend on the internal capabilities of the firm. Given 
that small firms have decided to engage in networking, their internal capabilities may be 
influential  in  determining  their  chances  of  success.  Firms'  ability  to  recognize,  evaluate, 
acquire and use external resources, especially when the acquisition of external knowledge is 
involved, is a function of their prior knowledge and resources (Cohen & Levinthal, 1990). 
Past research showed that the more absorptive capacity, the better firms are able to acquire 
external knowledge and to engage in innovation-related collaboration (e.g. Lane et al., 2001; 
Bougrain & Haudeville, 2002). Likewise, firms' internal capabilities, including technological 
capabilities,  financial  resources  and  entrepreneurial  orientation,  have  been  shown  to  be 
important for partnership-based networking efforts (Lee et al., 2001). In the current study, we 
disposed of two internal capability indicators, including whether firms maintain an innovation 
strategy, and if they employ specialized innovation workers.  
  Innovation networking may also vary with firm size and industry types. As we already 
mentioned, past work showed many differences in the innovation processes of smaller and 
larger  firms  (e.g.  Acs  &  Audretsch,  1990;  Nooteboom,  1994).  Larger  firms  are  typically 
better structured and professionalized. The larger they grow, the better they are equipped for 
innovation. Firm size may be a proxy for the internal capabilities discussed above, implying 
that  size  is  associated  with  innovation  networking  behavior.  As  for  industry  types,  we 
anticipate that there will be differences between manufacturing and services industries. The 
original  Pavitt  classification  regarded  services  as  'supplier-dominated',  implying  a  very 
specific  pattern  of  innovation  networking.  Given  the  distinct  nature  of  the  offerings  of 
manufacturers and services firms, differences in innovation networking may be present. As 
physical goods are more separable and homogenous, it may be much easier to outsource parts 
of  their  development  process  and  to  involve  network  actors.  For  services  –  due  to  their 
relatively intangible, simultaneous and heterogeneous nature (Atuahene-Gima, 1996) – the 
opposite may apply.  
  Innovation networking is probably also contingent on the kind of opportunities that small 
firms pursue. Rothwell (1991) concluded that external linkages are particularly important for 
radical  innovations.  In  this  paper,  our  data  contained  indicators  for  the  newness  of   9 
innovations  (new-to-market  versus  new-to-firm)  and  whether  innovation  required  the 
acquisition  of  new  competences  (competence-developing  versus  competence-enhancing 
innovations). There has been research showing that networking matters more for new-to-
market innovations than for innovations which are only new to the firm (e.g. Freel, 2003). As 
for the acquisition of competences, we argue that innovations requiring new competences are 
more likely to compel small firms in consulting their outside world (cf. Oerlemans et al. 
1998). Such competence-developing innovations may also relatively often require directed 
ties and structural holes. The specific knowledge required to develop new competences may 
be less broadly distributed and require more intentionality. 
 
3. Data 
We used a database of 594 innovations developed by small firms in the Netherlands. The data 
were collected by the Dutch research institute EIM Business and Policy Research by means 
of a telephone survey. Commissioned by the Ministry of Economic Affairs, the survey aimed 
to map innovation and networking behavior of Dutch small firms. Although the survey was 
not specifically conducted for the current paper, i.e. it was meant to collect information to 
inform  innovation  policy  making,  its  data  are  well  suited  for  the  empirical  exploration 
patterns of innovation networking.  
 
3.1 Sampling and procedures 
A  survey  was  conducted  in  the  fall  of  2005  by  means  of  computer  assisted  telephone 
interviewing  (CATI).  The  sample  was  disproportionally  stratified  across  four  types  of 
industries  and  two  size  classes.  Potential  respondents  were  selected  randomly  from  the 
population  of  all  small  firms  in  the  Netherlands,  defined  as  firms  with  at  most  100 
employees. On average, it took 15 minutes to complete a full questionnaire. All respondents 
were general managers or business owners responsible for day-to-day business processes.  
  The survey explored how networking and innovation are related, so accordingly firms 
were screened as to whether they had developed at least one innovation in the past three 
years. Innovations were assumed to include both new products and processes as defined by 
the Oslo manual – the manual for innovation surveys that governs the main public innovation 
surveys of OECD member states (OECD, 2005). If respondents had multiple innovations, 
they were asked to select their most recent one. This ensured a random sample of research 
objects, i.e. of specific innovations within firms (Churchill, 1999).  
  The initial sample consisted of 1,934 firms, drawn from the Chamber of Commerce Trade 
Register database which contains all commercial organizations in the Netherlands. Responses 
were obtained from 1,004 respondents who had been willing to co-operate. The remaining 
firms could not be contacted successfully or had refused to co-operate. Altogether, 594 firms 
met  the  criterion  of  having  at  least  one  recent  innovation  and  completed  the  full 
questionnaire.  Table  1  shows  how  these  firms  are  distributed  across  industries  and  size 
classes. Groups of industries were based on the OECD (2001) classification of high-tech 
industries.  
 
Table 1. Distribution of respondents across industries and size classes 







23, 24, 29-33, 352, 353, 
359 
Chemicals,  rubber  and  plastics,  machinery, 
office,  electrical,  communication  and  medical 
instruments 
28  31   10 
Low-tech 
manufacturing 
15-22,  25-28,  34,  35 
(excl. 352, 353, 359), 36, 
37 
Food, beverages, textiles, leather, paper, wood, 
metals, furniture 
80  108 
High-tech 
services 
64-67, 72-74  Financial  services,  computer  and  related 
services, consultancy, engineering 
56  128 
Low-tech services  50-52, 55, 60-63, 70, 71, 
93 
Wholesale, retail trade, hotels and restaurants, 
personal services, transport 
42  121 
   
A  comparison  of  the  distribution  of  respondents  and  non-respondents  by  industry  types 
indicated no problems of response bias. A chi-square test between the distributions revealed 
no significant differences at the 5% level, i.e. p(χ
2) = 0.43. A similar result was found for size 
classes: p(χ
2) = 0.67.  
  The Dutch innovation survey does not include any firms with fewer than ten employees 
(Statistics Netherlands, 2007). Thus, we were not able to assess whether the sample was 
representative for all innovative firms in the Netherlands. Although the given stratification of 
the sample may limit the extent to which our results can be generalized, we do not expect that 




Data on network indicators were collected for the specific innovations that respondents had 
identified.  Table  2  presents  the  variables  that  we  used  in  our  analysis.  We  note  that  all 
networking indicators relate to specific innovations. In this way, our research is object (rather 
than subject) oriented. The table also includes relevant descriptive statistics.  
 
Table 2. List of variables and descriptive statistics (n=594) 
Variable   Description  Frequency/ 
mean 
Volume  Number of network actors involved in the innovation process  2.5 
Type:     
Informal   A friend or relative was involved in the innovation process (1=yes, 0=no)  18% 
Customer  A customer was involved in the innovation process (1=yes, 0=no)  35% 
Competitor  A competitor was involved in the innovation process (1=yes, 0=no)  23% 
IT supplier  An IT supplier was involved in the innovation process (1=yes, 0=no)  38% 
Other supplier  A non-IT supplier was involved in the innovation process (1=yes, 0=no)  48% 
Financial institute  A financial institute was involved in the innovation process (1=yes, 0=no)  19% 
Consultant/engineer  An external consultancy/engineering firm was involved in the innovation process 
(1=yes, 0=no) 
22% 
Industry association  An industry association was involved in the innovation process (1=yes, 0=no)  15% 
University/PRO  An  university  or  public  research  organization  was  involved  in  the  innovation 
process (1=yes, 0=no) 
18% 
Government  A government organization was involved in the innovation process (1=yes, 0=no)  8% 
Content of ties:     
Inspiration  A network actor served as a source of inspiration, i.e. expressed a new need or 
offered a new opportunity (1=yes, 0=no) 
22% 
Feedback/advice  A network actor gave feedback or advice to develop the innovation (1=yes, 0=no)   35% 
Manpower  A network actor provided manpower to develop the innovation (1=yes, 0=no)  39% 
Knowledge  A network actor provided knowledge to develop the innovation (1=yes, 0=no)  26% 
Resources  A network actor provided any other resource to develop the innovation, including 
money or capital goods (1=yes, 0=no) 
38% 
Embeddedness:     
Strong ties  A network actor with whom the innovating firm maintained regular contacts and 
discussed private matters at the time was involved (1=yes, 0=no) 
31% 
Directed ties  A previously unknown network actor that the innovating firm had proactively 
searched for to contribute to the innovation process was involved (1=yes, 0=no) 
33% 
Structural holes  A network  actor that formerly  did not know another network actors that was 
involved in the innovation process was involved (1=yes, 0=no) 
42% 
Firm:     
Innovation strategy  Firm had a documented strategy or plan for innovation (1=yes, 0=no)  49%   11 
Variable   Description  Frequency/ 
mean 
Innovation workers  Firm  employs  workers  who  are  occupied  with  innovation in  their  daily  work 
(1=yes, 0=no) 
27% 
Firm size  Number of employees in full-time equivalents  23.2 
Industry type  Industry type (1=high-tech  manufacturing, 2=low-tech  manufacturing, 3=high-
tech services, 4=low-tech services) 
10%; 32%; 
31%; 27% 
Innovation:     
New to market  The innovation was new to the innovating firm's market, rather than new to the 




The innovation required the firm to acquire new competences, rather than just 
building on its current competences (1=yes, 0=no) 
48% 
 
Respondents first provided an inventory of the network actors who had been involved in their 
innovation process. On average, respondents mentioned 2.5 of such. The minimum number of 
partners  was  zero,  while  the  maximum  was  nine.  In  only  9  percent  of  the  reported 
innovations  were  no  network  partners  involved.  In  25  percent  a  single  partner  made  a 
contribution while another 25 percent involved two partners. The frequency of innovations 
with three contributing partners was 17 percent, with four partners 13 percent and with five to 
nine partners 11 percent.  
  Next, for each of the identified network actors, the survey asked specific questions to 
document  partner  types,  their  roles,  tie  strength,  and  more.  As  for  partner  type,  Table  2 
reveals how often each partner type was involved in the innovation process. Suppliers had 
contributed most often. The survey distinguished between IT suppliers and other suppliers 
(because in the past two decades a great deal of innovations in small firms involved adopting 
information technologies) (Statistics Netherlands, 2008). It appeared that IT suppliers were 
involved in 38 percent of the cases, while other (non-IT) suppliers contributed to 48 percent. 
Next, in about one out of three cases customers were involved. Obviously, direct business 
partners with which any firm is basically concerned (i.e. suppliers, customers, competitors) 
were  involved  more  often  than  'remote'  actors  such  as  government  departments  and 
universities. We also note that informal contacts contributed to only 18 percent of the cases.  
  The survey also documented the kind of contributions that partners made. In 22 percent of 
the  cases  one  or  several  network  partners  had  served  as  a  source  of  inspiration.  Other 
contributions  were  providing  feedback  or  advice  (35  percent),  delivery  of  manpower 
(assigning another party to a particular innovation-related task, such as a design or marketing 
campaign;  39  percent  of  the  cases)  and  knowledge  transfer  (26  percent).  Finally,  'other 
resources'  were  transferred  in  38  percent  of  the  cases.  This  included  both  finance  and 
deliveries of capital goods. We regretted that the survey administrators had not chosen to 
distinguish between the two, and elaborate on this on the discussion section.  
   The survey contained two dichotomous questions to indicate tie strength. Respondents 
indicated whether they were in touch with a partner on a regular basis (defined as 'at least 
once a week') and if they discussed private matters with them. When both criteria were met, a 
network partner was considered a strong tie. It was found that strong ties were involved in 31 
percent of the reported innovations.  
  To measure the directness of ties, respondents indicated whether a partner had already 
been part of their network before the innovation started and, if not, whether the partner had 
been proactively contacted for a specific contribution. Given this operationalization directed 
ties were involved in 33 percent of the sampled innovations. Finally, to indicate structural 
holes, whenever more than one network actor  had contributed, the survey asked whether 
some of these partners had first met each other due to the innovation. We must stress that 34 
percent of the sample involved no or only one network actor, ruling out the presence of 
structural holes by default in a number of cases. But in cases of multiple network partners a   12 
majority of the respondents (42 percent of the total sample) indicated that structural holes had 
been present. 
  Table 2 also lists the firm and innovation characteristics that we used to further explore 
the  patterns  of  innovation  networking.  Relevant  firm-level  characteristics  included  the 
presence of an innovation strategy and specialized innovation workers and industry types and 
firm size (in fulltime equivalent employees). Forty-nine percent of the sampled firms claimed 
to have an innovation strategy. This may seem fairly high, but it should be remembered that 
only innovative small firms were included. As for the reported innovations themselves, two 
relevant  indicators  were  their  newness  to  the  market,  and  whether  they  demanded  the 




To explore the patterns of networking in small firms we conducted a range of cluster analyses 
in which the networking indicators (Table 2) served as a basis for classification. We followed 
a two-step procedure which generally results in stable and reliable classifications (Milligan & 
Sokol 1980; Punj & Stewart 1983). This procedure started with hierarchical clustering to 
group the reported innovations into homogeneous clusters. We used Ward's method based on 
squared Euclidian distances to obtain a first hierarchy of clusters (cf. Milligan & Cooper, 
1987). Visual inspection of the dendogram suggested classifications with either three or six 
clusters.  To  assess  the  robustness  of  various  cluster  options,  we  saved  a  range  of  initial 
solutions with two to eight clusters. In the second step we proceeded with k-means cluster 
analyses,  a  non-hierarchical  clustering  method  that  iteratively  divides  cases  into  clusters 
based  on  their  distance  from  some  initial  starting  points.  The  centroids  of  our  initial 
hierarchical  solutions  were  always  used  as  initial  values  for  classification.  To  assess  the 
robustness  of  the  various  cluster  solution  we  computed  Kappa,  the  chance  corrected 
coefficient  of  agreement,  between  each  initial  and  iterated  solution  (cf.  Singh,  1990).  A 
solution with six clusters proved to be best (k = 0.78, while k < 0.76 for any other solution).  
  Thus, the cluster analysis resulted in a typology of six patterns of innovation networking 
practiced by small firms. Its descriptive statistics are presented in Table 3. Drawing on one-
way analysis of variance we found significant differences on all cluster variables, satisfying 
the minimum criterion for the validity of a cluster solution (Milligan & Cooper, 1987). We 
labeled the clusters as supplier-based, customer-based, informal-based, new combinations, 
knowledge-based and system-based innovations. 
 

























Volume  1.0  2.1  3.0  2.9  4.2  4.9  2.5  181.4** 
Type:                 
Informal   0%  8%  93%  1%  8%  23%  18%  251.6** 
Customer  10%  71%  34%  33%  58%  63%  35%  36.8** 
Competitor  8%  30%  31%  19%  54%  23%  23%  18.5** 
IT supplier  33%  25%  39%  46%  55%  37%  38%  4.1* 
Other supplier  38%  35%  48%  53%  74%  60%  48%  8.5** 
Financial institute  0%  4%  14%  86%  18%  35%  19%  48.0** 
Consultant/engineer  6%  16%  14%  35%  46%  60%  22%  116.4** 
Industry association  1%  9%  11%  14%  49%  37%  15%  27.1** 

























Government  1%  1%  0%  0%  0%  100%  8%  1562.9** 
Content of ties:                 
Inspiration  0%  99%  30%  8%  12%  19%  22%  178.9** 
Feedback/advice  10%  6%  45%  84%  63%  60%  35%  66.9** 
Manpower  31%  24%  56%  49%  45%  44%  39%  6.2** 
Knowledge  16%  10%  29%  20%  67%  37%  26%  23.0** 
Resources  34%  39%  47%  36%  31%  60%  38%  3.2* 
Embeddedness:                 
Strong ties  9%  31%  90%  26%  36%  23%  31%  56.8** 
Directed ties  20%  35%  30%  57%  38%  51%  33%  9.2** 
Structural holes  13%  47%  62%  82%  53%  59%  42%  38.3** 
a F-tests revealed ** p < 0.001, * p < 0.01. 
 
Supplier-based innovations are characterized by low involvement of external networks. On 
average, just one external party makes some sort of contribution. Mostly this is a supplier of 
IT or other equipment, responsible for the delivery of hardware or manpower to support the 
development process. As Table 3 shows, 38 percent of the sample (226 reported innovations) 
could be classified as supplier-based. This makes it the prevalent pattern of networking, i.e. 
mostly to implement incremental innovations with no complicated contributions from the 
outside. It can be considered a counterpart of Pavitt's (1984) supplier-dominated industries, 
but now at the level of specific innovations.  
  Customer-based  innovations  usually  involve  customers  who  act  as  a  source  of 
opportunity. In 99 percent of the cases in this cluster a network actor is mentioned as a direct 
trigger to identify the opportunity for innovation, and most often this partner is a customer. 
Examples  include  major  business-to-business  customers  asking  for  products  with  new 
specifications, or the needs of early adopters that firms regard as opportunities. Such involved 
customers may actually be lead users with 'home built' first versions of new machines or 
other devices which are, in turn, adopted and further improved by the innovating firm (cf. 
Von  Hippel,  2005).  The  average  number  of  contributors  is  2.1,  which  is  still  below  the 
average. Customer-based innovations are a counterpart of Pavitt's (1984) specialized supplier 
industries.  
  Informal-based innovations draw heavily on personal friends and relatives. Ninety-three 
percent of the innovations in this cluster involve such informal contacts, mostly to provide 
manpower, feedback or advice or other resources including money and capital goods (Table 
3). This type is obviously marked by high involvement of strong ties (90 percent of the 
cases). As informal contacts have not been explored in previous typologies of innovation 
patterns, there is no correspondence with the Pavitt or other typologies of innovation. 
  New  combinations  are  marked  by  a  high  presence  of  directed  ties  (57  percent)  and 
structural holes (82 percent). These innovations bring together other previously unconnected 
parties  suggesting  that  small  firms  involved  in  such  innovations  manage  to  benefit  from 
building bridges with and between others. Such firms do not seem to be afraid of extending 
their networks with new partners to enable or support innovation. Another feature is that 
financial institutes are frequently involved. It also appears that in this cluster, advice is the 
most  important  contribution  gained  from  innovation  networking  –  probably  on  how  to 
connect effectively with others and how to collaborate.  
  Knowledge-based innovations involve contributions of relatively 'remote' parties such as 
universities  and  public  research  organizations  and  also  industry  associations.  Such   14 
innovations draw on scientific knowledge as a source of innovation. In doing so, they mirror 
Pavitt's (1984) science-based industries and similar patterns found in more recent typologies 
(e.g. Evangelista, 2000; Castellaccia, 2008; De Jong & Marsili, 2006). Nevertheless, other 
types of partners are important too – for example we find suppliers and customers to be 
frequent contributors as well. Relatively many parties are contributing, on average 4.2, and 
knowledge-based innovations indeed involve relatively complex networking activity.  
  System-based innovations are most scarce, i.e. only 7 percent of the reported innovations 
were classified as such. The number of involved network partners is highest (on average 4.9), 
with the most distinguishing feature being that government organizations are involved, for 
example  to  provide  subsidies  or  permits.  But  many  others  contribute  as  well,  mostly  as 
suppliers of manpower  or resources, but also for knowledge or advice. Directed ties and 
structural holes are relatively common here. Similar to knowledge-based innovation, system-
based innovation is marked by voluminous and complex networking. 
 
4.1 Firm and innovation characteristics 
Further probing of the clusters with firm and innovation characteristics was helpful to explain 
the  nature  of  the  six  innovation  patterns.  Besides,  validation  of  any  typology  demands 
analyzing variables not used to build them, but expected to vary across the clusters (Milligan 
& Cooper, 1987). In the theory section we already elaborated on why innovation strategy, 
innovation workers, firm size and industry types may correlate with innovation networking. 
The same was done for new-to-market and competence developing innovations.  
  Table  4  gives  relevant  descriptive  statistics  for  the  external  variables  and  tests  of 
significant differences. With the exception of industry types, we found significant results for 
all variables that support the validity of the clusters. As a rule of thumb, innovation types 
with voluminous and complex patterns of networking are more likely to be new to the market 
and competence-developing, and they also seem to be more demanding in terms of internal 
capabilities.  
 

























Firm:                 
Innovation strategy  39%  48%  39%  58%  63%  74%  49%  6.7** 
Innovation workers  17%  28%  15%  29%  42%  65%  27%  15.3** 
Firm size  22.8  24.3  18.7  21.3  29.4  23.2  23.2  2.7^ 
Industry type                 
- high-tech manufacturing  9%  11%  7%  10%  14%  12%  10%  n.s.
b 
- low-tech manufacturing  29%  34%  40%  31%  29%  30%  32%   
- high-tech services  33%  29%  26%  30%  31%  35%  31%   
- low-tech services  29%  26%  26%  30%  26%  23%  27%   
Innovation:                 
New to market  48%  60%  52%  43%  55%  74%  52%  2.9^ 
Competence-developing  40%  40%  45%  54%  74%  49%  48%  6.7** 
a F-tests revealed ** p < 0.001, ^ p < 0.05. 
b χ
2-test revealed no significant differences. 
 
As Table 4 shows, voluminous and complex patterns are associated with firms that are more 
likely to maintain a formal strategy for innovation. One-way analysis of variance revealed 
that the differences are significant (F=6.7, p<0.001). Further exploration by means of contrast   15 
analyses  showed  that  new  combinations,  knowledge-based  innovations  and  system-based 
innovations were associated with innovation strategies relatively often. For supplier-based 
and informal-based innovations, the frequency of innovation strategy was significantly lower 
(output not shown here, but available from the authors on request). Likewise, we found that 
innovation networking varied with the presence of specialized innovation workers within the 
firm (F=15.3, p<0.001). Knowledge-based and system-based innovations were developed by 
small firms employing such workers relatively often, while the opposite applied to (again) 
supplier-based and informal-based innovations. This supports our presupposition of firms' 
internal  capabilities  being  connected  with  the  volume  and  complexity  of  innovation 
networking. 
Another result is that some of the patterns are associated with firms of different sizes 
(F=2.7, p<0.05). Follow-up contrast tests confirmed that knowledge-based innovations were 
found more often in larger firms, while informal-based innovations were found in smaller 
ones. This gives some support for our presupposition that larger firms are better equipped to 
benefit from external sources, and t particularly when the transfer of (tacit) knowledge is 
involved (echoing Cohen &  Levinthal, 1990).  To further  explore what was happening to 
produce  the  low  score  for  informal-based  innovations,  we  followed-up  by  enriching  our 
dataset with the year of establishment of the innovating firms (as registered by the Dutch 
Chambers  of  Commerce).  At  the  time  of  the  survey,  firms  reporting  informal-based 
innovations were 13.5 years of age, although the average in the sample was 17.0 years. Thus, 
informal-based innovations were conducted by younger and smaller firms.  
We also investigated differences between industry types, but chi-square tests showed no 
significant differences (χ
2=7.8, df=15, p > 0.05). We also varied with the classification of 
industries, but found nothing significant. There was no evidence of manufacturers engaging 
in innovation networking differently to service firms.  
Any innovations that are more intense and complex in their networking we expected to be 
marked by a higher degree of newness and to require the acquisition of new competences. 
Table 4 shows that some patterns are more likely to associate with new-to-market innovations 
(F=2.9,  p<0.05).  Follow-up  contrast  analyses  indicated  that  this  applied  to  system-based 
innovations, which is the most voluminous and complex type, but also to customer-based 
innovations  (60  percent  of  the  reported  cases  in  this  cluster  were  new  to  the  market). 
Significant  differences  were  also  found  for  competence  developments  (F=6.7,  p<0.001). 
Knowledge-based  innovations  were  more  likely  to  require  the  acquisition  of  new 
competences, but supplier-based and customer-based innovations were less likely to do so.  
 
5. Discussion 
This paper explored the patterns of innovation networking in Dutch small firms, and these 
were  connected  with  firms'  internal  capabilities  and  with  the  newness  and  competence 
requirements  of  innovative  opportunities.  Unlike  previous  classifications  of  how  firms 
innovate, the analysis was at the level of specific innovations (as objects), rather than at the 
industry or firm levels.  
  We found six homogenous patterns of innovation networking as practiced by small firms. 
The  classification  is  based  on  a  broad  range  of  indicators  dealing  with  the  volume  of 
networks,  partner  types  and  roles,  strength  and  directedness  of  ties,  and  structural  holes 
between involved network partners. The patterns were labeled as supplier-based, customer-
based, informal-based, new combinations, knowledge-based and system-based innovations. 
In support of their validity we found the patterns to correlate significantly with indicators for 
the  internal  capabilities  of  firms  and  the  newness  and  new  competence  requirements  of 
innovations.    16 
  Our  results  confirm  that  by  far  most  innovations  in  small  firms  are  developed  with 
support or input from external networks. On average, 2.5 other parties made some sort of 
contribution. Only nine percent of the sampled innovations did not involve any networking, 
echoing Van de Ven's (1986) early proposition that 'innovation does not exist in a vacuum' (p. 
601). 
  Obviously, we found substantial differences in the volume and complexity of innovation 
networking. Supplier-based innovation is the most prevalent pattern, capturing 38 percent of 
our sample of innovations. It is characterized by low volume networking, mostly by a single 
supplier of IT or other capital goods. Such innovations tend to be only new to the firm and to 
build on existing competences. They are developed by firms with fewer internal capabilities, 
i.e.  less  likely  to  maintain  innovation  strategies  and  to  employ  specialized  innovation 
workers.  In  contradiction,  knowledge-based  and  system-based  innovations  represent 
voluminous and complex patterns of networking, including higher numbers of partners (4.2 
and 4.9, respectively) and in various roles. Most distinctive for knowledge-based innovations 
is  that  universities  or  public  research  organizations  are  frequently  involved,  usually  by 
providing  (tacit)  knowledge  inputs.  System-based  innovations  also  include  government 
organizations  that  may  provide  either  subsidies  or  permits.  Both  types  of  innovation  are 
relatively demanding in terms of internal capabilities. Small firms engaging in these types of 
networking  have  better  odds  of  maintaining  strategies  for  innovation  and  to  employ 
specialized innovation workers. Both types of innovations are also more likely to be new to 
the  market  and  to  require  new  competences,  rather  than  just  building  on  existing 
competences.  We  note  that  these  types  represented  14  and  7  percent  of  the  sampled 
innovations,  indicating  that  voluminous  and  complex  innovation  networking  is  relatively 
scarce. 
  Customer-based innovations involve customers as a source of opportunity. One result that 
we had not anticipated is that these innovations have slightly better odds of being new to the 
market. In this context, the work of Von Hippel (2005) on user innovation has shown that 
customers are generally an excellent source of need information, i.e. they are better able to 
identify new product functions (which they need themselves) than are producing firms. Thus, 
assuming that some of the customers involved are lead users, innovations which are initiated 
and maybe partly developed by customers are more likely to contain genuinely new elements, 
and accordingly have better odds of being new to the market. 
  Despite that our clustering was done at the level of innovation objects and was based on 
new cluster variables, some of the identified patterns seemed to match with those in previous 
studies. More specifically, it was confirmed that suppliers, customers and universities were 
important  sources  of  innovation,  as  the  corresponding  patterns  can  be  regarded  as 
counterparts  of  Pavitt's  (1984)  supplier-dominated,  specialized  supplier  and  science-based 
industries.  However,  we  also  found  some  new,  previously  undocumented  patterns  of 
innovation networking.  Firstly, system-based innovation (already discussed) indicates that 
governments  can  be  relevant  innovation  actors.  Moreover,  informal-based  innovation  and 
new combinations reflect types of networking that are characteristic for small firms as well.  
  Informal-based innovations are marked by strong ties, usually friends and relatives. As 
this type concerns 15 percent of the sample, only a minority of the innovations in small firms 
seems to be supported by such ties. This result deviates from previous studies of start-ups that 
are faced with a 'liability of newness', i.e. lack of track record and references as a trustworthy 
partner,  and  therefore  have  an  extra  need  to  call  upon  their  strong  ties  (e.g  Brüderl  & 
Preisendörfer, 1998;  Elfring & Hulsink, 2003).  Thus, in our broad sample of  established 
small firms informal contacts did contribute, but they did not seem as dominant as in the case 
of start-ups. Strikingly, we found that informal-based innovations were developed by smaller   17 
and younger firms, confirming that the older and larger the firm, the less it needs strong ties 
in order to innovate.  
  New combinations are marked by high presence of directed ties and structural holes. Such 
innovations bring together previously unconnected others, suggesting that some small firms 
manage to innovate by building bridges with and between others. This pattern frequently 
involves financial institutes providing resources and advice – presumably on how to connect 
and/or how to finance the innovation. New combinations are more frequently conducted by 
firms with explicit innovation strategies, suggesting that such innovations require purposeful 
action.  
  While early typologies of innovation assumed that firms within industries share similar 
patterns,  more  recent  empirical  studies  showed  considerable  heterogeneity  in  patterns  of 
innovation of firms within industries (e.g. Arvanitis & Hollenstein, 1998; De Jong & Marsili, 
2006). Our results demonstrated that similar heterogeneity is found at the level of innovations 
as  objects.  We  found  no  evidence  for  manufacturers  engaging  in  innovation  networking 
differently than service firms, or, more generally, for any distinctions between industry types. 
Small firms in various industries rather seem to maintain very similar patterns of innovation 
networking, indicating that the industry level is too rough as a basis for classification.  
  For business owners and managers, our results confirmed that in order to benefit from 
networking,  firms  also  need  to  develop  their  internal  capabilities.  Small  firms  with 
voluminous and complex patterns of networking  were more likely to  be positive on two 
internal capability indicators. The typology may also inform other practitioners, including 
lecturers, consultants and policy makers using patterns of innovation networking as a basis 
for teaching, advice and the development of policy interventions, respectively. Policy makers 
have increasingly recognized networking as being important in the past two decades. It has 
been acknowledged that innovation demands sufficient interaction between the actors in an 
innovation system (Nelson, 1993; Freeman, 1995) and, accordingly, all developed countries 
nowadays offer policies on this matter. However, in doing so the focus is on interactions 
between  private  and  public  actors  i.e.  university-industry  linkages  to  stimulate  the 
'valorisation' of scientific knowledge and, to a lesser extent, the development of incumbent 
firms'  networking  competences  (Guy,  2007).  That  innovation  networking  in  small  firms 
includes much more than public-private interaction tends to be overlooked. As suppliers and 
customers are the most prevalent types of network actors and knowledge transfer is only one 
of the potential roles of network partners, our findings suggest that current policies may be 
unbalanced. More attention is warranted to support innovation networking of small firms that 
do not engage in collaborations with universities. In this vein, although our data showed that 
a significant deal of innovations is developed with the help of directed ties (33 percent), few 
policy instruments in developed countries actually support small firms to track and interact 
with new private partners for valuable contributions (Guy, 2007).  
  One  opportunity  to  balance  current  policy  mixes  would  be  to  finance  matchmaking 
services by means of 'go-betweens' in order to better connect pairs of private enterprises – an 
intervention that was recently also advocated by Nooteboom and Stam (2008). Alternatively, 
policy  makers  could  consider  broadening  an  increasingly  popular  intervention  called 
'innovation  vouchers'.  These  are  publicly  funded  small  grants  for  private  enterprises  to 
consult universities and public research organizations for missing knowledge (Cornet et al., 
2006). Voucher schemes are offered in a growing number of countries but again the focus is 
exclusively on public-private collaborations (also see www.proinno-europe.eu). If vouchers 
can be forwarded to other private enterprises however, they would be useful to many more 
innovating firms and support other types of innovation networking as well.  
  An inductive typology of six networking patterns creates multiple opportunities for future 
research. To mention only a few examples - what internal capabilities small firms need in   18 
order  to  benefit  from  networking,  and  for  what  types  of innovation, these  are items that 
should be studied in much more detail. The role of directed ties is still uncharted, and as we 
find directedness to be important for at least some of the innovations, and especially for the 
pattern of 'new combinations', more work is called for. Moreover, our analysis included a 
limited number of key networking variables, but many more dimensions of networking can 
be included in future work (e.g. closeness, centralization, structural cohesion) (Scott, 1991).  
  More opportunities for future research arise directly from a number of caveats in our 
paper. Firstly, we were not able to assess the extent to which our sample is representative. As 
innovation surveys in basically all OECD countries do not include firms with fewer than ten 
employees (OECD, 2005), it is not possible to assess whether a sample adequately reflects a 
population of innovative small firms in a country (i.e. population statistics remain unknown). 
Although  we  found  no  differences  in  the  patterns  of  networking  across  industry  types, 
implying that weighing our data for industry types would not provide different outcomes, we 
recommend that our analysis should be validated on another, independent sample.  
  Secondly, we were faced with survey questions that had already been formulated by its 
administrators. The measurement of tie strength is debatable. Strong ties were considered to 
be  external  parties  characterized  by  frequent  contacts  (at  least  once  a  week)  and 
conversations on private matters. We would rather not have classified all ties as either strong 
or weak. The distinction between strong and weak ties is probably of a gradual nature rather 
than dichotomous, and with the given questions we were unable to explicitly identify weak 
ties. Another caveat is that the survey did not distinguish between networks' finance and 
capital goods contributions. These were merged into a single partner role category of 'other 
resources'. In the context of small firms this is an obvious drawback. We cannot exclude the 
fact that our typology overlooks external sources of finance, which we would have liked to be 
measured explicitly and more work on this matter is warranted.  
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